Introduction: There is a need for treatment guidelines and prognostic factor identification in children with primary IgA nephropathy. We analyzed the causative effect of steroids and the applicability of the Oxford classification.
Physicians have long considered pediatric IgAN a benign disease 5, 6 subject to remissions and occasionally to late relapses during adulthood. 7 However, a cohort study with an extended follow-up showed that 10% to 13% of children will eventually reach end-stage renal disease (ESRD) within 10 years and 20% to 30% within 20 years, close to what has been found in adult patients. [7] [8] [9] Optimizing therapy in children is therefore of primary concern but is at present an unmet need. The Kidney Disease Improving Global Outcomes guidelines recommend the use of angiotensin-converting enzyme inhibitors and/or angiotensin receptor blockers in children with proteinuria > 0.5 g per day but with a low level of evidence. There is no international consensus defining the indication for immunosuppressive regimen in more severe cases. 10 Prospective studies assessing the risk-to-benefit ratio of steroids in pediatric IgAN are urgently needed, as steroids are currently central to this debate. 11 To facilitate the design of such a study, we first collected and retrospectively analyzed the data from 2 major pediatric nephrology departments in Paris, France, where, despite the absence of recommendations, steroids are routinely prescribed in this setting. Here, we describe the potential causative effect of steroids on the renal outcome of 82 children with IgAN diagnosed over the past 2 decades.
MATERIALS AND METHODS

Patients
This retrospective bicentric study was undertaken at 2 university hospitals in Paris (Necker Enfants Malades and Robert-Debré Hospitals) and included 82 consecutive cases of children and adolescents aged <18 years, newly diagnosed with primary IgAN following renal biopsy and recorded between 1990 and 2015. The study was approved by the ethics committee of St. Antoine Hospital in Paris, France. Diagnosis of IgAN was based on immunofluorescence microscopy findings showing mesangial deposition of IgA as the predominant or co-dominant Ig. Patients with systemic diseases, such as systemic lupus erythematosus, HenochSchönlein purpura, and chronic liver diseases, were not included. Four patients with minimal change disease associated with IgAN were excluded. We defined 3 categories depending on the therapy administered: (i) G1 for children receiving immunosuppressive agents (pulse steroid therapy plus cyclophosphamide, pulse steroid therapy followed by oral steroid therapy, or oral steroid therapy alone); (ii) G2 for patients treated supportively using renin angiotensin system blockade (RASB) (i.e., with angiotensin-converting enzyme inhibitors and/or angiotensin receptor blocker) or without any treatment; (iii) G3, a subgroup of G2, for children treated supportively with RASB alone.
Immunosuppression in the G1 Group
Steroids were used in patients with nephrotic syndrome, acute kidney injury (AKI) or heavy proteinuria according to each center's practices. Pulse 
Clinical Data Set
The following clinical and biological parameters were collected for each patient at time of biopsy (M0) and 6 months after start of immunosuppressive treatment (M6): age, sex, weight, height, clinical presentation at disease onset, time from onset to renal biopsy, presence of macroscopic hematuria at diagnosis, history of tonsillectomy, familial IgAN history (either proven by renal biopsy or suspected because of a medical history of microscopic and/or macroscopic hematuria in a next of kin), systolic and diastolic blood pressure, serum albumin, serum IgA levels, serum creatinine (expressed in mmol/l), eGFR, urine protein-to-creatinine ratio ([g/g], used as an estimation of 24-hour protein excretion adjusted for body surface area). eGFR was calculated using the updated bedside Schwartz equation: creatinine clearance (ml/min per 1.73 m 2 ) ¼ K Â L/serum creatinine, where L is body length (cm), and K ¼ 41.3. 12, 13 A maximum eGFR set at 120 ml/min per 1.73 m 2 was selected as the accuracy of eGFR for higher values is low with the Schwartz formula in children and to avoid the disproportionate impact of small variations in creatinine on the rate of renal function. 13, 14 Nephrotic range proteinuria was defined as urinary protein excretion $3 g/g creatinine and serum albumin <30 g/l. AKI was defined as eGFR below 70 ml/min per 1.73 m 2 with proteinuria and/or hematuria. ESRD was defined as an eGFR below 15 ml/min per 1.73 m 2 or the need for renal replacement therapy at diagnostic workup. Microscopic hematuria was diagnosed when more than 5 erythrocytes were seen per field of view, and macroscopic hematuria was defined as the presence of gross hematuria. We were able to extract data from the French Renal Epidemiology and Information Network Registry to establish the incidence of ESRD requiring renal replacement therapy because of IgAN.
Histopathology
In the present analysis, all biopsy samples were re-analyzed for the purpose of this study by our renal pathologists (MR and MP). Some specimens were not analyzable for all histological variables. We studied variables of the Oxford classification using different thresholds for T score only because children have few chronic lesions. 15 We studied 5 variables: mesangial hypercellularity (M), scored 1 (M1) if $50% of glomeruli had more than 3 cells per mesangial area; focal glomerulosclerosis/adhesion (S), scored (S0) if absent or (S1) if present; podocyte hypertrophy or sclerosis at the tubular pole (tip lesion) was referred to as podocytopathies (P), scored as absent (P0) or present (P1) using the Columbia Working Group definition 16 ; artery disease (A), scored A0 if absent or A1 if present; endocapillary hypercellularity (E), scored as E0 if absent or E1 if present; extracapillary proliferation (C), simplified from the Oxford classification, including cellular/fibrocellular, or fibrous crescent scored C0 if absent or C1 if present; tubular atrophy/interstitial fibrosis (T) was modified from the Oxford classification and scored 1 (T1) if present between 10% and 25% of the relevant biopsy core, 2 (T2) if present in $25% of the relevant biopsy core; interstitial infiltration (II), scored 1 (II1) if present in $10% of the relevant biopsy core.
Statistical Analysis
The Shapiro-Wilk test was used to test the normal distribution of quantitative variables. If normally distributed, the results were expressed as mean values and SD; otherwise, median and interquartile ranges (25th-75th percentiles) were reported. Qualitative variables were summarized as counts and percentages. Nonparametric Wilcoxon-Mann-Whitney tests were performed for the different comparisons between the 2 groups of patients with IgAN and to compare the measurements of proteinuria and eGFR between M0 and M6 in each patient group (immunosuppressive vs. supportive group). Categorical variables are summarized using proportions and compared using Fisher's exact test for subgroup analysis or the Pearson c 2 test for the entire cohort analysis.
Study of Renal Outcome
Univariable followed by multivariable (least square regression) analysis was used to determine independent pathologic parameters in the Oxford classification as predictors of variation rate of renal function at 6 months. Univariable analysis was performed to test the association between each pathological variable finding and a combined event (renal function impairment more than 10% of the eGFR baseline at 6 months or stage 3 of chronic kidney disease at 6 months). A P < 0.05 was considered statistically significant. Data were analyzed using Prism software (GraphPad Software, San Diego, CA).
RESULTS
Clinical Characteristics at Diagnosis
A total of 82 patients with a median age of 11.3 (7.9-13.5), 65.7% of whom were boys, were enrolled in this study at the time of renal biopsy. Median follow-up was 3.3 (1.9-5.9) years. Fifteen patients (18.2%) had a suspected or proven family history of IgAN. Median time from first symptoms to renal biopsy was 0.16 years (range from 0 to 12.25 years). History of hematuria (macroscopic or microscopic) was found in the entire cohort. Isolated hematuria was found in 17 (20.7%) children. Mean eGFR was 89.5 AE 31.76 ml/min per 1.73 m 2 and median proteinuria was 1.2 (0.3-3.2) g/g (Table 1 ). Twenty-nine patients (35.3%) had a severe clinical presentation at the onset of the disease: AKI was noted in 21 patients (25.6%), nephrotic syndrome in 6 patients (7.3%), and ESRD in 2 patients (2.4%).
Fifty-one patients (G1 group) were treated with immunosuppressive therapy consisting of a variable dosage of steroids, specific to each center protocol as detailed in the Materials and Methods section, and used in association with cyclophosphamide in only 9 cases (11%) together with supportive treatment (RASB). Thirty-one patients (constituting the RASB/Follow-up group [group G2]) received supportive treatment with RASB (20 patients [24%]) or no treatment (11 patients [13.4%]) ( Table 1) .
Comparison of the Clinical and Pathological
Features in the Immunosuppressive (G1) and RASB/Follow-up (G2) Groups Median age at diagnosis was 10.3 years (6.5-13.4) in G1 and 11.7 years (9.8-13.75) in G2 (P ¼ 0.09). There was no difference regarding age at onset of disease, frequency of family history of IgAN, time between first symptoms and biopsy, tonsillectomy, eGFR, serum IgA levels, body mass index, and arterial blood pressure ( Table 2 ). The G1 group was more likely than G2, respectively, to have a lower serum albumin level (33.3 [27.8-36.8 g/g, P < 0.001). The G1 group was more likely than G2, respectively, to have higher mesangial, endocapillary, and extracapillary proliferation, respectively (M1, CLINICAL RESEARCH 89.8% vs. 65.5%, P ¼ 0.016; E1, 82% vs. 53.3%, P ¼ 0.01; C1, 62% vs. 20%, P < 0.001). As expected, few children had a tubular atrophy/interstitial fibrosis score higher than T1 (Table 2) . T1, S1, and P1 were not different between the G1 and G2 groups. II1 was present in a small group of patients in the G1 group only ( Table 2) .
Renal Outcome in Immunosuppressive Group (G1) and RASB Group (G3)
We compared the immunosuppressive group (G1) with patients receiving only RASB treatment (RASB group [G3]) to avoid potential changes (on proteinuria and eGFR) related to renin-angiotensin-aldosterone system inhibition. Clinical and histological data were not comparable at baseline between the G1 and G3 groups (data not shown). In G1, eGFR had significantly improved from 89.9 (61.2-114.5) ml/min per 1.73 m 2 at time of biopsy (M0) to 110.5 (93.7-120.0) ml/min per 1.73 m 2 6 months after start of immunosuppressive treatment (M6) (P < 0.001), whereas in G3 it remained stable from 111.7 (101.7-120.0) ml/min per 1.73 m 2 at time of biopsy (M0) to 114.7 (102.6-120.0) ml/min per 1.73 m 2 (M6) ( Figure 1 and Table 3 ). Proteinuria was significantly reduced in G1 (from 1.6 [1-4.3] g/g to 0.3 [0.2-0.7] g/g, P < 0.001) and remained stable in G3 (Table 3 and Figure 1 ). Excluding the more severe forms (nephrotic syndrome and AKI) in G1, reduction of proteinuria remained highly significant (from 1.1 [0.43-1.6] g/g to 0.3 [0.13-0.5] g/g, P ¼ 0.0015) (Figure 2 ). Average duration of follow-up was equivalent between the 2 groups. Data extracted from the Renal Epidemiology and Information Network Registry show that 2 patients reached ESRD: 1 patient from G1 received a renal transplant 3.5 years after diagnosis and 1 month after the start of dialysis and another had started dialysis; 2 patients from G3 were engrafted at 0.4 and 0.5 years after diagnosis, respectively. These 2 patients were identified at the point of ESRD, so any immunosuppressive treatment had been introduced at diagnosis of IgAN. (Table 4) . P1 and S1, respectively, were significantly more prevalent in older children (P0 vs. P1, 10.4 [6.6-14.9] 
Correlations Between Pathological Lesions and Short-term Renal Outcome in the Entire Cohort
We investigated the value of the histological variable to predict the rate of eGFR variation as well as renal prognosis to a combined event (chronic kidney disease stage 3 or renal function impairment more than 10% of the eGFR baseline) at M6. By univariable analysis, rate 
CLINICAL RESEARCH
A Cambier et al.: IgA Nephropathy in Children Is Sensitive to Steroid of renal function variation at M6 was significantly associated only with S1 and P1 (Tables 5 and 6 ). In the whole cohort, 9 of 77 patients reached the combined event at M6. Five of 12 patients with P1 reached the combined event at M6 and 8 of 49 patients with S1 reached the combined event at M6. By univariable analysis, only P1 was significantly associated with the combined event at M6. M1, E1, C1, T1, and II1 were not significantly associated with the rate of renal function variation or renal prognosis to the combined event at M6 (data not shown). Two models of multivariable analysis were designed. The first model (A) was designed to show whether the biopsy findings predicted a short-term (M6) rate of renal function variation independently of the initial assessment. It considered S1 and P1, in addition to the initial presentation (eGFR, proteinuria, and age at diagnosis). The second model (B) was designed to show whether the biopsy findings predicted short-term rate of renal function variation independently of the initial assessment even when clinical follow-up data and immunosuppressive treatment were taken into account. It considered the first model (A) in addition to proteinuria at M6 and immunosuppressive treatment. Linear least squares fitting for rate of renal function variation at M6 correlated only with podocytopathic features and failed to attain significance for S1 (Tables 5 and 6 ).
DISCUSSION
There are no recommendations for the treatment of children with IgAN. Our study results were not based on Kidney Disease Improving Global Outcomes recommendations, and no common indication was defined before the start of the study. Because children have a long life expectancy, pediatricians are prone to prescribe steroids in addition to RASB when proteinuria is >0.5 g/l, eGFR deteriorates <70 ml/min, or when a biopsy sample shows glomerular inflammation. 17 However, the management of patients differs from one center to another and from what is recommended in adult patients. Here, the Kidney Disease Improving Global Outcomes guidelines recommend steroids in the case of persistent proteinuria >1 g per day despite 3 to 6 months of optimized supportive care by RASB with GFR >50 ml/min per 1.73 m 2 . 18 These guidelines were, however, challenged by the results of a recent prospective and randomized controlled trial showing that in adult patients with IgAN at high risk of progression (i.e., with a proteinuria >0.7 g per day) immunosuppressive therapy (steroids AE cyclophosphamide) did not significantly improve outcome. 19 In the absence of histological assessment of the gravity of the disease, we have recently suggested that the interpretation of these results should be treated with caution. In our retrospective study, pediatricians used steroids from the outset. Less than 15% of children treated with steroids had received prior RASB treatment. However, in a randomized controlled trial, Coppo et al. 20 showed that RASB treatment is effective in young patients with mild proteinuria (1-3 g/d); 40.6% reached proteinuria remission in the angiotensin-converting enzyme inhibitors group versus 8.8% in the placebo group. RASB use is strongly supported by the literature on IgAN because it not only improves prognostic factors, such as hypertension and proteinuria, but also significantly reduces glomerular inflammation. Moreover, physicians should consider the potential for spontaneous remission, especially when mesangial proliferation is absent. 10 One limit of our study is that it is retrospective. However, children from the G1 group (treated at the least with steroids because of a severe phenotype) had favorable outcomes in the short term, with improvement of eGFR, reduction of proteinuria, and very few incident cases of ESRD (although it must be acknowledged that the follow-up might be insufficient because most cases of ESRD occur between 10 and 20 years after diagnosis). Previous case reports and uncontrolled studies with a small number of patients have shown efficacy of steroid therapy in children with IgAN. [21] [22] [23] Niaudet et al.
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reported favorable efficacy with pulse steroid therapy in the setting of a rapidly progressive glomerulonephritis: none of the 12 children progressed to ESRD and 9 showed improvement in histologic lesions on subsequent biopsy. Other smaller pediatric studies have, however, reported different findings. [25] [26] [27] Oral steroid therapy has occasionally been reported to provide a benefit for patients with proteinuria >0.3 g/g and with no eGFR deterioration. 22, 23 Recently, the VALIGA study of children younger than 16 years used a propensity score and showed that steroid therapy significantly reduced the risk of progression to ESRD. 28 Steroids are the most common anti-inflammatory and immunosuppressive drugs used in the treatment of both primary and secondary glomerulonephritis. Steroid therapy is relatively safe and our data, combined with those from others, support their efficacy. 11 Nevertheless, RASB treatment should be encouraged, especially in association with steroid therapy. There is a strong case for the use of RASBs in the treatment of IgAN, not only because they improve prognostic factors, such as hypertension and proteinuria, but because they also may inhibit the long series of potentially negative angiotensin II effects, and achieve diminution of histological inflammation. 29 We believe that prospective multicenter studies in larger pediatric cohorts should be designed to confirm that the steroid therapy's benefit/risk ratio is favorable, especially because the STOP-IgA trial cast doubt on the use of steroids in adults with intermediate risk. 19 Adult patients with E1 and C1 at diagnosis not treated with immunosuppressive therapy have significantly more eGFR deterioration 30 than patients receiving immunosuppressive treatment. 3 Pediatricians use pulse steroids to treat children with both E1 and C1, although, again, there is no official recommendation. Our study shows that the decision to initiate steroid treatment is guided by clinical and pathologic parameters. In the VALIGA study, which covers a population of young adults, histological lesions did not predict the response to steroid use. 28 However, young children have a very different histological presentation from adults, with significantly greater glomerular The Oxford classification is commonly used to evaluate the severity of IgAN and the risk of progression to ESRD. But the original Oxford study included only a limited number of children (56 cases). 3 At the time of biopsy in our cohort, cross-sectional correlations between pathological findings and proteinuria for both mesangial, endocapillary, and extracapillary proliferation were present, comparable to the findings from the Oxford study. However, unlike the initial Oxford study, any correlations were found between eGFR and, in particular, S1 and T1. Furthermore, by analyzing both the short-and longterm outcomes, MEST-C classification was not predictive of renal prognosis. P1 was the only pathologic parameter predictive of the renal function decline, independent of the clinical data at the time of renal biopsy and the immunosuppressive treatment. As P1 was superimposed on S1 for all patients, it is possible that the prognostic value of the S1 was underestimated on multivariable analysis. The prognostic role of these features has already been established in an adult cohort by El Karoui et al., 33 but for the first time they can be associated with an impaired prognosis in children. Bellur et al. 34 showed that P1 was associated with better renal survival in patients treated by immunosuppressive therapy. Our finding did not confirm the conclusions of Bellur et al. 34 In our cohort, 4 of 5 patients with P1 reached the combined event while receiving immunosuppressive treatment. Nevertheless, interpretation of our results is limited by the small number of patients with P1 in our cohort. Presence of podocytopathic attributes may reflect specific lesions in IgAN of unknown origin beyond a final state to nephron loss. 35 Gd-IgA1 may be involved by inhibiting podocyte nephrin expression. [36] [37] [38] Persistence of podocyte injury leads to irreversible cellular damage, with podocyte cell death or the detachment of podocytes from the glomerular basement membrane, and ultimately glomerulosclerosis and kidney failure. P1 should clearly be interpreted differently from S1 as reported in the MEST score. Our results confirm that podocytopathic features should be considered as part of the Oxford classification, as it has been suggested by Bellur et al. 34 We have not found significant correlation regarding S1, probably because IgAN is mostly diagnosed at an early stage of the disease in children who have no nephronic reduction. Our results differ from those published by the working group of the International IgA Nephropathy Network and the Renal Pathology Society, which exclude rapidly progressive cases from their study. 39 In our cohort, many children had severe histological presentation with AKI and had been treated with steroids. Given this, the rate of renal function decline can be difficult to interpret in terms of the prognostic value of the pathological findings, especially for lesions of glomerular inflammation and proliferation. All these findings do not support the applicability of the Oxford classification to define longterm renal prognosis in young children, but instead suggest steroid sensitivity if M, E, and C lesions are present.
In our cohort, 9 patients were treated with steroids and cyclophosphamide. Niaudet et al. 24 and Jiang et al. 40 reported on the use of cyclophosphamide in children with crescentic IgAN. Jiang et al. 40 showed that the combination of cyclophosphamide and steroids stabilized renal function, and significantly reduced hematuria, proteinuria, mesangial IgA deposition, and severity of histologic lesions. Kidney Disease Improving Global Outcomes recommendations have few data to support an evidence-based treatment by cyclophosphamide for rapidly progressive disease. The pathophysiological relevance of this potent immunosuppressive drug is, at best, uncertain.
Our observational study has several limitations. It is retrospective and observational. The lack of power due to the small sample size in our cohort makes it difficult to conclude about null findings. Steroid therapy can make it difficult to interpret the prognostic value of pathologic parameters. We used different definitions for T and C lesions compared with the Oxford classification. In our study, we have shown that immunosuppressive treatment in our cohort may have contributed to reduced proteinuria and improved eGFR. Nevertheless, baseline clinical data and pathologic parameters were not comparable between the G1 and G3 group. To assess renal progression, the missing data in the long-term follow-up led us to use the composite endpoint of 10% decline of renal function at 6 months or chronic kidney disease stage 3 at 6 months, which is not widely used as a consistent and stable marker of decline in GFR when the observation time is rather limited.
CONCLUSION
Immunosuppressive treatment using the Paris protocol may have contributed to reduced proteinuria and improved eGFR over a short time in children with severe primary IgAN. According to our results, IgAN presents as acute glomerulonephritis in children, unlike in adults where in most cases it presents as chronic glomerulonephritis. It therefore appears crucial to incorporate histological lesions in the inclusion criteria for future randomized studies. Despite its limitations, this retrospective study will help in the design of future randomized controlled trials, which are urgently needed to establish evidence-based recommendations for childhood IgAN. In addition, the Oxford classification, in its present form, seems appropriate to define steroid sensitivity status but not long-term renal prognosis in children. This interpretation must take into account the putative impact of immunosuppression treatment in our cohort. Podocytopathic features seem to be the best short-term predictive factor of renal prognosis in this population.
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